Background: Lung cancer (LC) is one of the leading lethal cancers worldwide, with an estimated 18.4% of all cancer deaths being attributed to the disease. Despite developments in cancer diagnosis and treatment over the previous thirty years, LC has seen little to no improvement in the overall five year survival rate after initial diagnosis. Methods: In this paper, we extended a recent study which profiled the metabolites in sputum from patients with lung cancer and age-matched volunteers smoking controls using flow infusion electrospray ion mass spectrometry. We selected key metabolites for distinguishing between different classes of lung cancer, and employed artificial neural networks and leave-one-out cross-validation to evaluate the predictive power of the identified biomarkers. Results: The neural network model showed excellent performance in classification between lung cancer and control groups with the area under the receiver operating characteristic curve of 0.99. The sensitivity and specificity of for detecting cancer from controls were 96% and 94% respectively. Furthermore, we have identified six putative metabolites that were able to * Corresponding author discriminate between sputum samples derived from patients suffering small cell lung cancer (SCLC) and non-small cell lung cancer. These metabolites achieved excellent cross validation performance with a sensitivity of 80% and specificity of 100% for predicting SCLC. Conclusions: These results indicate that sputum metabolic profiling may have potential for screening of lung cancer and lung cancer recurrence, and may greatly improve effectiveness of clinical intervention.
biomarkers of lung cancer. A small-scale pilot study sampling lung cancer pa-48 tients before and after surgical intervention, alongside patients without lung
Artificial Neural Networks
Artificial neural networks (ANNs) are a class of sophisticated computa-61 tional modelling structures that are inspired by biological neurological sys-62 tems, regarding how they are able to learn and process highly non-linear 63 information [37] . The past three decades have seen ANNs being widely used 64 for biomedical decision support systems [8, 9, 10, 11, 12] . 65 In general, an artificial neural network is formed of interconnected pro-66 cessing units, commonly referred to as neurons. Each neuron applies an ac-67 tivation function over the weighted sum of the incoming stimuli (or inputs), 68 and generate an output signal, which could be the input signal for other neu-69 rons. Many different neural network architectures exist, in this paper we will 70 focus on the popular feed-forward artificial neural network, in particular the 71 multi-layer perceptron (MLP) [13] , that usually consists of multiple layers 72 of neurons -the input layer, one or more hidden layers and the final output 73 layer, as illustrated in Figure 1 . Frozen sputum samples were thawed before being exposed to 0.5 mL of Table 3 . Furthermore, ranges of each metabolite shown as box- 195 and-whisker plots can be found in Figure 7 . cross-validation (see Table 2 and Figure 8b ). 
